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ABSTRACT

This report describes a UHF cancellztion filter for use over the frequency range
200-400 Mc, The filter can reject CW interference by phase locking an oscilla-
tor to the interfering signal and adding the phase-locked signal in such 2 manner
as to produce cancellation of the interference. A superheterodyne system is
employed so that interfering signals as low as -80 dbm may be cancelled through-~
out the 200-400 Mc frequency rznge. By careful adjustment of the phase and
amplitude of the cancellation signal, the interfering signal can be reduced as
much as 60 db,

The cancellation filter is designed for use in a 50  system and is inserted be-
tween the antenna and receiver, When the cancellation filter is inoperative, the

receiving system may be used in a normal manner with the filter remaining in
the receiving system.
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1. INTRODUCTION

A serious problem in many communications systems is the
presence of an uandesired CW signal which is sufficiently large to
desensitize a receiver to a desired signal. RF and IF bandpass
filters can effectively reduce such interference, but these tech-
niques fail when the CW interference is very close to the frequency
of the dssired signal and fells inside the passband of these filters.
Narrowband rejection filters are sometimes helpful ir reducing the
desensitization effects of CW interference, but these devices must
be retuned when the interference frequency drifts. Because of the
limited @ of these devices, distortion of the desired signal is
rather severe in some applications.

Many of the disadvantages of these conventional interference
rejection technijues can be overcome by the use of an active filter
to reject the interfering signal.

An active notch filter has been developed which can be used
to ruject interfering signals over the fregquency range from 200 to
400 Mc. The filter is useful in reducing-strong CW interference

which is located close to tkhe tuned frequency of a receiver.




- — e ey m e e - g mana— an

mvxocs PAGE WAS BLANK, TEEREFO}E WAS x\m‘ FIIMED

PIRERS e i L N

- ——— 5

2, DISCUSSICN

2.1 Theory of Operation

. The active notch filter or cancellation filggv described

in this report consists of a voltage tunéble oscillator which is

synchronized to a CW interfering signal. The output of the syn-

nhronize& csc*llator is combined in proper phase and amplitude
with the interfering signal to produce cancellation of the
interference.

Figure 1 is a block diagram of the cancellation filter.
Referring to Figure 1, the signal and interference entering the
fiiter are combined with a cancellation signal in the adder to
produce cancellation of the interfering signal, leaving only the
desired signal.

The signal and interference also enter a preselector where
the interference is partially separated from the desired signal.
The output of the preselector is heterodyned to 30 Mec by & local
oscillator before entering the phase detector of Figure 1, In a
similer fashion, the voltage-controlled cancellation oscillator
output is heterédyned tu 30 Mc by the same locai oscillator,
amplified in a 30 Mc IF amplifier, and phese corrected in & variable
phase network before entering the phase detector. The local
osciliator signels for the two mixers are derived from the common
local oscillecor through a hybria junction to prevent signals from

the mixer in the upper interfering signal channel from appearing

IR
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R IR,

in the lower cancellation signal channel. An attenuator is placed
between the mixer and the cancellation oscillator to isclate the
cancellation oscillator from the local oscillator feedthrough from
the mixer.

The output of the phase detector is a voltage proportional to
the cosine of the phase difference between the translated inter-
fering and canceliation signels. The error voltage is low-pass
filtered to assure that only the specific interfering signal being
cancelled will control the cancellation oscillator. The output of
the low-pass filter is applied as a frequency control voltage to
the cancellation oscillator to produce a phase-locked condition
between the output of the cancellation ¢ ‘lator and the incoming

interfering signal.

2.1.1 Analysis of the Synchronizing Fesdback Loop

The following analysis points out the conditions necessary
to maintain oscillator synchronization and shows the u.pendence of
the phase angle of the synchronized oscillétor cutput signal on the
loop gain and interfering signal amplitude. The transiated inter-
fering signal with frequency, Wy end amplitude, &, can be written

as
ei(t) = O cos (a&t + ei) . (1)

The trenslated cancellation oscillator output of frequency, ab,

PR ——




in the lower cancellation signal channel. An attenuator is placed
between the mixer and the cancellation oscillator to isolate the

cancellation oscillator from the local oscillator feedthrough from

the mixer.

The output of the phause detector is a voitage proportional to
the cosine of the phase difference between the translated inter-
fering and cancellation signals., The error voltage is low-pass
filtered to assure that only the specific interfering signal being
cancelled will control the cancellstion oscillator. The output of
the low-pass filter is applied as a frequency control voltage to
the cancellation oscillator to produce a phase-locked corndition
between the output of the cancellation oscillator and the incoming

interfering signal.

2.1,1 Analysis of the Synchronizing Feedback Locp

The following snalysis points out the conditions necessary
to maintain oscillator synchronization and shows the dependence of
the phase angle of the synchronized oscillator output signal on the

loop gair and interfering signal amplitude. The translated inter-

fering signal with frequency, wa and amplitude, ¢, can be written

as ’
ei(t) = Q cos (uit + ei) . (1)

The translated cancellation oscillator output of frequency, mh,

o et

[




and amplitude, B, can b2 represented by

ec(t) =B cos(wct + Gc) . (2)

Because the phase detector can be represented as a multiplier,

its output signal can be written as

eg(t) = K, e, (t) e (£) . . (3)
Substituting (1) and (2) in (3) gives

ed(t) = K, o cos(w;t + Gi) B cos(w t + Qc) . (%)
Equation (4) can be expanded in the form

ea(t) = K, op cos(wit +8;) cos(a)ct + ec)

RO

4
X, 0B {cos [\mi + coc)t +6, + Oc]

)
+ cos [(a)i - a)c)t + 6, - Gc]} . (5

The feactor, Kl’ is the gain constant of the phase detector. The

sun frequency term in Equation (5) can be dropped since the signal

is low-pass filtered. Then the filter cutput is

s
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1 N .
eo(t)= 5K o cos[(a)i - ot + 6, - Bc] . (6)

Now, assuming the frequency of the cancellation oscillator is pro-
portional to the control voltage, the frequency of oscillation of

the cencellation oscillator is
0, = K, eo(’c) to o, (7)

where K2 is a constant relating the control voltage to the frequ:ancy
deviation of the cancellation oscillator, and @, is the natural
frequency of the oscillstor.

When the cancellation oscillator is synchronized wit: the
interfering signal, @, equals w . Substituting (6) in (7) and

i
replacing @, in (7) with w; gives

1

oy =, + 11, 5,08 conle, - 0) @
or
2(w, - )
o “ @m0
c-s(&i 6, = K i @ . (9)

Equation (9) relates the phase angle between the intexfering
signal and the local csncellation signsl to the loop grin, Kl K2
03/2, and the differsrnce in fregquency belween vhe interfering

signal and the natural frequency of the cancellation orf~illator.




Once 2 locked copdition between the interfering and local signals
has teen established, the hold-in range of the loop can be cbtained

from the fact that
lcos 9[ 1, (10)
vhere 6 = 6, - 6 . Hence,
i c

Sfﬁ;: u%)(2)
K Ky 0B

51 . (11)

At the edge of the hold-in range, the equel sign applies so that

K, K, o8

(o, - ) = 22—, (12)

or

oB
(£, - £)) = 5—;;2——— . (13)

Equation (13) gives the width of the hold-in range in cycles/sec.
Under normal conditions, the natural freguency, @ s of the
cancellation signal is set very close to w;, SO trat 6 is a smail
angle near w/2 oxr 5n/2. Tre particular choics of whether the loop
settles near n12 or 3w/2 depends on which angle corresponds to
negative feedback around the lvop. The other value of 6 then

represents positive feedback and as such represents an unstable




point. Assuming T/2 to be the proper choice for the neighborhood

of 6, €@ may be zpproximated by

2(a€ - wb)

TR '

o ~m/2 - (1k)

Equation (14) illustrates that for small (wi - wo) an essentially

linear relationship exists between € and (wi - wb).

2.1.2 Low-Pass Feedback Loop Filter

The stebility of the phase-lock loop is dependent upon
the gain and the phase shift (or time delay) around the feedback
loop.

‘“he phase shift mist not exceed 180° around the loop if
oscillation is to be avoided. Because 90° of phase shift is inherent
in the control of the oseillator frequency with the phase error, less
than 90° of phase shift must be maintained in the remaining circuits

of the loop to assure stability.

2.2 Equipment Design

The cancellation filter developed operates over the fre-
guency raunge 200-400 Mc. The 30 Mc IF frequency selected is high
enovugh toc provide good image rejection, but still low enough to

permit the construction of a high gain, stsble IF amplifier.

2.2.1 Local Oscillator

The local oscillator, which was designed to operate over

the frequency range 230-430 Mc, is a Colpitts type oscillator with

PvS—



a variable length, shorted transmission line as the inductive
reactance of the tuned circuit. Figure 15 includes & schematic

diagram of the local oscillator. The equivalent circuit of the

oscillator is shown in Figure 2. When the shorted line is connected .
between the plate and the grid, the Colpilts configuration is
formed with the stray capacitance of the tube, and no external
capacitance is needed to resorate the reactance of the shorted line.
The output power level of the local oscillator is plotted as

& function of frequency in Figure 3.

2.2.2 Cancellation Oscillator

The cancellation oscillator is very similar to the locsl
oscillator except for the addition of the voltage tuning circuitry.
Figure 15 includes a schematic diagram of the cancellation oscillator.

The voltage tuning is provided by a back-biased voltage varieable,
silicon capacitor. The output of the phasedetector is conrected
through an appropriate low-pass filter to the voltage control of the
lead oscillator. A negative voltage of spproximately 5.5 volts is
present across the varisble capacitor with no signal applied to the
phase detector. When the phase difference between the two 20 Mc IF
signals at the input to the phase detector varies, the output voltege
of the detector changes the voltage applied to the varisble capacitor,
and the cancellation oscillator phase is shiftedby the proper amount to
correct the changing phase between its output signal and the inter-

ference.

10
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Figure 4 shows a photograph of the cancellation oscillator.
The construction of the local oscillator is identical to that of
the cancellation oscillator with the exception that no provision
is made for voltage control of the frequency. The output power
level of the cancellation oscillator is nlotted as a function of
freguency in Figure 3.

Voltage tuning curves at various frequencies between 200 and
%00 Mc are shown in Figure 5, with the frequency deviation being
plotted as a function of bias voltage on the variable capacitor.
The curves of Figure 5 are sufficiently straight to satisfy the

assumption of a linear control characteristic.

2.2.3 Phase Detector

The phase detector module contains both the phase
detector and the first two sections of the triple-section, low-
pacs loop filter shown in the block diegram ¢ Figure 1. The third
section of the loop filter is a part of the canzellation cscillator
voltage control circuit. Figure 15 includes a schematic diagram
of the phase detec 1r. Two buffer amplifiers asre included in the
phase detector modvie to isolate the two 30 Mc IF amplifiercs. The
outputs of the two buffers are added and mixed in a transistor
mixer stage which al so serves as the phase detector. The cutput
of the rixer is low-passed by an RC filter with a frequency atten-
uation slope of less than 6 db/octave. Figure 6 shows the

attenuation curve of the ccmposite low-pass locp filter. The second

3
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section of the loop filter is isolated from the RC filter by an
emitter follower in the phase detector module. The output of the
second section is fed into the voltage control cirecuit of the can-
cellation oscillator which coatains the third and final section
of the loop filter.

A low-pass filter such as the one shown as Section 1 of Figure
6, has a phase shift which is less than 90° for sll frequer.:ies,
i.e., its roil-off attenuation slop= is less than 6 db/octave.

The phase and gain equations for this filter are

0 = tan ™ - 5 j , (15)

and

+ u? 2 .2 -
6Cio) | - E———é-%f% : (16)
“\/ 1+w C RT

vhere 9 is the phase shift, {G{jw)|, is the magnitude of transfer
function, and RT = Rl + Re.

The two additionai sections of RC filtering have 3 db cutoff
frequencies well beyond the frequency where the first section has
reached its maximum phase shift. The last two sections are used
to sharpen the cutoff of the overall filter after the first RC sec~
tion has reduced tne gain sufficiently to eliminate the possibility

of oscillation of the loop. Notice that the slope of the attemmaticn

17
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curve does not exceed 6 db/octave until the frequency reaches

approxamately 160 kc and where the attenuation is approximately 28 db.

2.2.4 Varisble Phase Network

The range of phase correction of the cancellation oscillator
output needed to cancel an interfering signal may lie anyvhere between
0-360°. Because the phase engle of the carcellakion signel with
respect to the inbterfering signal ie preserved in the translation
to the 30 Mc IF freguency, the vhase correction is made at 30 Mc *o
greatly simplify the constructicn of the phase shifter. Figure 15
includes a schemafic of the phase shifter. The varisble phase shifi
is obtained from two stages providing a few degrees less than 360°
continuous variation and & switched transformer which provides an
additional 180°. A phase variation of approximately 539° is possible
with the combination of the cortinuously varieble stages and the
switched transformer. The amplitude variation over the entire

variable phase range is less thar 1.5 dh.

2.2.5 Varisbie Attenueicr

A variable UHF attenuator is required tc permit adjust-
ment of the carcelliation signal tc the proper level at the adder
where the cancellation and intexfering signels are combined. The
attenuator used consists of & 50 ohu trausmission line shunted with
point contact diodes. A potenliometer locateu on the front panel

cf the filter varies the amownt of DC current in the diocdes
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provide a range of attenuation of 1 to 65 db over the range 200-4%00
Mc. The attenuation of the varisble attenuator is plotted as a
function of the ten-turn potentiometer dial reading in Figure T.
The maximum attenuation requires a total dicde current of approx-
imately 85 ma. Figure 15 includes a schematic diagram of the

variable attenuator.

2.2.6 Pregelector

A tunable preselector was placed between the input to the
filter and the signal channel mixer to improve the image rejection
of the input mixer and to reduce feedtarough of the loecal cseillator
s1gnel rrom the input mixer into the filter output. Figure 8 shows
a selectivity curve of the preselector at a tuned frequency of 300 Mc.
Note that the preselectcr is not in series with the desired signal
peth between the input and output of the filter (see Pigure l).
Figure 15 inrludes a schematic of the preselector. A grounded grid
ampiifier is used to drive the tuned circuit. This ampiifier pro-
vides both & small amount of gain tc overcome the insertion loss of
the preselector and approximately 30 db of isolation of the local
oscillation feedthrough from plate to cathode. Figure 9 shows the
rejection of loecal oscillator fwedthrough &s a function of local
oscillator freguency, with the preselector tuned to 250 Me.

The gain of the preselcctor as a function of the tuned fre-
quency is shown in Figure 10. Over much of the freguency renge

from 200-40C Mc, the gain is less then unity. This low gain is

15

”n
+

v g s




pyrrr

il

Lttt As T 7 ey

Cllod)

e

PR (I B 4 2 A e

T LY PN LR

Prre e TR

ATTENUATION IN'db

70 g’ : I ! T T ] ! 1 T
{
60 - —
50 ¥~ _
i
40 - -
30~ .
20 - \ .
10 ]
0 fome 1 b | 1 i 1 i
0 2 3 4 5 6 7 8 9 16 1
DIAL READING

Figure 7. Charateristics of the Variable Attenuator.

RS

_




o e e

*DT9STI990BaBY) ASTATIO9TIG I0309T989ad *g aandid “

SW NI ADNINOIL
08¢ 0./t 09t 0s¢ 0re  0Ogt 0Z¢ 01t 00t 06z 087 0/ 092 0se ore 0eC 0l _ .
T T j T ! T T T T ! ! | | T o¥

-1 0€-

e | ~4
&}

l
¥
f
¢

>

A
G kB b bR s AN o 6 SRRk R A WSS ¢

il it bt b ol it N




A N | I -~
f
*OTJSTJID30BIABYD UOTYBTOSI J0309TsSsld *6 esndry
oK NI ADNZNDI YL
062 08¢ 0L 092 052 (174 {4 (1144 012
o i | 1 1 [ ]
- -~ 0L~ ”
|
" 409~
x
m
5 &
- -4 05— =
-3
[11]
.
o
- ~ oy
L 0g—
| |
¢ :
.2 p,




*2T9STJI2908IBY) UTBD JI0309T8saxd *OT aIndtd V !

3 NI ADN3ND3AL
i 0oy 08¢ 09¢ ove 0 00¢ 03z 092 ore, (144 00T

, T T Y T ! Y ) 1 Y \l_nn

lﬂl-

9 NI NIVO
23

ot

3 ‘ * }

! " ToOTT R e ke At L i nblon 'R o PSSRSO L R B G R R 1 St
i
m_,.
e bl 2 ot NI L ot i bbb, s e




C—

cgused by the low value of the resonant impedance of the tuned
circuit at the low frequency end of the tuning range. However,

the main function of the preselector is to provide local oscillator
isolation and image rejection rather than gain. A more zlaborate
tw.c2 circuit, i.e., one with variable inductive and capacitive
reactances, would have been necessary to provide gain across the

entire band. Since the desired signal does not pass through the

preselector, the loss of the preselector has no effect on the level

of desired signal at the output of the filter.

2.2.7 Hybrid Network

Two hybrid circuits are used to split the local oscillator
signal for the two mixers and to add the cancellation signal to the
input signal appearing at the cancellation filter. Both of these
hybrids are of the wide-band resisvive type. Although the insertion
loss of a resistive h¥* id is rather high, it is a simple means of
providing a wide-band hybrid with good isolation. Figure 15 includes
a schematic of the hybrid circuit. The insertion loss of the hybrid
is approximately T db, and the isoclation between the output ports is
greater than 30 db over the 200-400 Mc frequency range. A potentio-
meter is provided for balancing the hybrid to cbtain maximum
isolation. Note that the insertion loss of the adder {7 @b) is a

Joss to the desired signal passing through the filter.
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2,2.8 IF Amplifiers

5ro similer 30 Mc IF amplifiers arc used in the signal and

cancellation channels of the filter. The signal channel amplifier
has a gain of approximately 75 db and a passband characteristic
as presented in the curve of Figure 11, For input levels below
-65 dbm, the 3 db bandwidth is approximately 2 Mc. Figure 16 is a
schematic of the IF amplifier. A simple diode mixer is included in
each IF amplifier module to produce the interfering and cancellation
IF signals.

In the cancellation channel, the output of the cancellation
oscillator is attenuated by 46 db before being mixed with the
local oscillator to obtain the translated 30 Mc cancellation signal.
The 46 db attenuation isolates the cancellation oscillator from the
local oscillator feedthrough. The IF amplifier increases the level
of the translated cancellation signal back up to that necessary to
drive the rhase detector. The gain of the cencellation signal IF
amplifier is approximately 60 db, and the 3 db bandwidth at power
levels below -50 dbm is approximately 3 Mec. Figure 17 is a
schematic of the amplifier and mixer combination used in the

cancellation channel.

2.3 Equipment Construction

The cancellation filter was constructed in modular form
to reduce cross coupling between the various compcnents involved.
The modules were constructed of tin plated steel which allowed

connections to be soldered directly to the module walls.
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The main chassis is made of alodined aluminum, and the modules
are mechaniceally and electrically attached so as to establish a
good ground system throughout the entire filter.

Figures 12 and 13 are photographs of the top and bottom of the
filter model. The individual modules are labeled for identification
purposes. Figure 14 is a photograph of the front panel.

The pawer supplies are located on the bottom side of the filter
in two separate modules. The high voltage (75 volts) and filament
voltage for the nuvistors are supplied by one module. The low
voltage supplies (-6v, + 6v, -12v} for the transistors are supplied

by tae second module. Figure 18 is a schematic of the power supplies.

2.4 Operating Instructions

The cancellation filter model described in this report can
be used in conjuncticn with any receiver operating in the frequency
range 200-400 Mc. The interference power level must lie between -10
dbm and -T0 dbm. The filter is designed tc cancel CW interference
which is sufficiently larger than the desired signal to desensitize
the receiver. The following paragrephs give a detailed explanation
of the operating procedure of the filter.

The antenna to be used with the receiver is connected to the
input connector on the frcnt parel of the cancellation filter. The
output connector, also on the front panel, is connected to the antenna
Jjack on the receiver.

The receiver can b2 used in the normal manrer with the filter

a7




RN

o ﬁz.. ‘m. X \,«@.uﬂ

" ot wtethed 2

RAERR

3o,

-

SR TN 1

E

" e P s

Figure 12. Top View of the Cancellation Filter.
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Cancellation Filter.
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connected in series with the antenna lead by switching the power

of tne filter off, or by placing the meter function switch on the

Tfront panel to the tuiing indicater position. When the meter

tunction awitch is in this position, the cancellation oscillator

B+ is cff and no signsl iz added to the signal from the antennsa.

If an interference is present which desensitizes the receiver,

the proceduvre for eliminating fhe interference is as follgws:

(1)

(6)

(1)

(8)

Set the veriable attenuator control fully counter-
clockwise.

Set the meter function switich to the tuning indicator
position.

Adjust the local oscillator until the counter reads the
nurter dgtermiaed from the tuning curve located on the
top of the filter for the tured frequency of the receiver.

Set the input level switch to the < -35 dbm position.

Tune tke preselector to obtain & peak reading oa the
meter. If the peak reading is grester than haly seale,
gset She input level swivch to the > -35 dbm position.

Retune the local oscillator to cbtain & pesk reading on
the meter. If the peak reading is greater than half
scale, set The level switch to the > -35 dbw positic..

Set the meter fumcticn switch to the cancellation
indicator position.

Ture the caycellation oseiilstor until the zounter reads
the mumber determined from the tuuing curve Zor the

tuned frequency of the receiver. Somewkere clcse to

thi. counter reading & meter deflecticon will be cbtained.
The cauncellation oscillator should be tuned uvwntil the
meter "drops” into a null. This indicates that the
cancellation csciilator is locked to the interference if
the inberference signal is sufficiently larger thau the
desired signal. This is generally the case when the iater-
ference desensitizes the receiver,

31
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{9} Adjust the variaple attenuator and the phase adjuster
controls until the desired signal is heard from the
audio output of the receiver. The phase shifter has
two controls -~ & potentiometer which provides approx-
imately 359° of continuous phase vuriation and a switch
which provides an additional 180° thase shift. The
potentiometer contrel is usually sufrficient to cancel
the interfereace. However, occasionally it may be
necessary to operate the phase reversal switch to obtain
cancellation of the interference. The switch 2an be
left in either position.

Step (9) may be difficult if the interference is much larger
than the desired signal because the phase and amplitude adjustmentc
are quite critical in this case. Usually the variable attenuatvor can
be adjusted until the loudest hiss is heard from the receivexr. The
phase can,then be varied until the desired signal can be heard. If

f
no setting of the attenuator provides a maximum hiss, cperate the

phase switch providing e 180° phase adjustment and then readjust the

continuous phase control while listening for the desired signal.

2.5 Performance Tests

The cancellation filter was tested on various simulated
interference problems. Two signal generators were used to simulate
a CW interference signal superimposed on a desired AM signal. The
signsl-interference combination was fed through the filter and into
an Air Force R-278 B/GR receiver. Several signal end interference
power levels were combined, and the cancellation filter successfully
removed the interference. For interference-to-signal ratios greater

than 50 db, the phase and amplitude adjustments become critical.
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Interference can be eliminated reasonably well for interference-to-
signal ratios lying between 10 db and 40 db.

Wher the interference is very close to the desired signal
(within 10 kc), the desired signal is allowed to pass through the
low-vass loop filter. The cancellation oscillator freguency is
varied by the signal being superimposed on the error voltage from
the phase detector. The result is en audible signal at the output
oé the receiver; therefore, for interference very ciose to
signel, the filter performance is limited. The bendwidth of the
low-pass filter deterwines how close to the desired signal the
interfersnce can lie for successful cancellation. If the bandwidth
is koo low, the ;ancellation oscillator will not remain locked to
the interference due t¢ the instasbility of the oscillator as well

as the interference itself.
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3. CONCLUSIONS AND RECOMMENDATIONS

The UHF active filter developed on this contract proved
to be successful in eliminating CW interference when the inter-

‘ ference-to-signal ratio is less than 40 db and if the interference

lies more than an awlio bandwidth away from the carrier of the
desired signal. When the interference is within audio range of

the desired signal carrier, the performance is limited because an
annoying audible signal is heard from the receiver a2s the frequency
of the cancellation oscillator is pulled by the desired signal.

The principle on which the filter design is based has been
proven to be satisfactory by the model, i.e., other filters could
be built employing this technique in other frequency ranges. Simply
scaling the components used in the model down to lower freguencies
would provide filters anywhere in the range from VHF to UHF.

It is recommended that an investigation be mede of the
possibility of cancelling an entire AM interference signal with an
addition to the existing filter. If the undesired AM signal
envelope were detected and fed into the current-controlled attenua-
tor, the output caicellation signal would also be AM. Thus, by
placing sn amplifier betweer the envelope detector and the current-
controlled attenuator, the percent modulation on the cancellation
ot signal could be made the same as that of the undesired signal.

Cancellation of an entire AM signal would then be possible.

Ly IR St e
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Other additions to the filter which are recommended are
automatic phase and amvplitude controls of the cancel%ation signal.
These two additions would make it unnecessary to adjust the phase
and amplitude of the cancellation signal for small amplitude

veriations in the undesired signal.
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